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(54) INORGANIC CONTAMINATION ELIMINATING METHOD 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for eliminating inorganic 
contamination material from a layer covering a substrate. 
SOLUTION: This method contains the following: a process for eliminating a layer 
102 covering a substrate 100 by using at least one kind of remover, and 
exposing inorganic contamination material 104, a process for making the 
inorganic contamination material 104 react with at least one converting agent 
and transforming the material 104 to inorganic contamination material 106 which 
can be dissolved in the solvent to be used in the later process, more easily than 



the material 104 which is not transformed, and a process for exposing the 
transformed inorganic contamination material 106 to at least one kind of solvent 
contained in first supercritical fluid, and eliminating the material 106. 
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* NOTICES 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] It is the approach of removing an inorganic pollutant for a substrate 
from a wrap layer. The wrap aforementioned layer by at least one remover for 
said substrate With, the process to remove, The process which changes said 
inorganic pollutant by making said inorganic pollutant react with at least one 
conversion agent, It sets here including the process which removes it by 
exposing said changed inorganic pollutant to at least one solvent contained in 
the 1st supercritical fluid. The approach that said changed inorganic pollutant is 
characterized by what the solubility higher than said inorganic pollutant in said 
solvent is shown for. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach of removing the 
inorganic contamination in a supercritical fluid medium in a detail, further about 
semiconductor device manufacture and processing. 
[0002] 

[Description of the Prior Art] For example, in manufacture of an integrated circuit 
or a liquid crystal display, since contamination of the semi-conductor layer 
formed in a substrate and the back causes many problems, it should be reduced 
as much as possible. As an example of such contamination, there are a residual 
particle, the organic substance, and a metal. Furthermore, a pollutant adheres 
on the front face of a semi-conductor layer, or adheres between a 
semi-conductor layer and another layer (for example, oxide layer). Generally, 
wet processing is used in manufacture of a semiconductor device. Wet washing 
processing can be performed in order called particle removal and a metal 
removal process, the rinse process performed in those middle, and a final 
desiccation process, a desiccation process is made to condense to a wafer front 
face, and makes water eliminate by carrying out spin rotation of the wafer, 



shaking the fluid on a wafer off or carrying out the rinse of the wafer by the heat 
isopropyl alcohol steamy popeye — it usually comes out to be carried out by one 
of those approaches. 
[0003] 

[Problem(s) to be Solved by the Invention] This type of wet washing process has 
the serious problem especially. This type of especially most metal removal 
processes (usually strong, acid mixture is included) will add a particle to a wafer 
front face, and a particle removal process (usually alkali / oxidizer mixture is 
included) will add a metal to a wafer front face, furthermore, costs [ for most wet 
washing processes to obtain the wet chemicals of the following 
problerrv.electronics class ]; - the costs; trench of abandonment of the causticity 
chemical used in the wet washing process etc. -- high - surface-tension [ of the 
fluid which restrict or block that a wet chemical cleaning effect reach into aspect 
ratio structure ]; - and lack of harmony with a dry process ( in semi-conductor 
processing, used more frequently) be held altogether. For this reason, if a 
particle removal process is given following a metal removal process, a metal will 
remain, and if it is made a reverse order, although the particle will decrease, 
metal contamination will occur according to a final rinse process. 
[0004] Supercritical fluid (namely, carbon dioxide of supercritical) is capturing the 
spotlight in recent years. This is so especially in the field containing dry cleaning 



of coffee decaffeine and linen / delicate clothes. Furthermore, supercritical CO 2 
It can use and organic substance contamination can be removed from a 
semi-conductor wafer. International Journal of Environmentally Conscious 
Design and Please refer to the 2nd volume of Manufacturing (it is a magazine in 
the design [ which considered the environment ], and country-of-manufacture 
case), and 83 pages (1993) (it says, "a supercritical carbon dioxide has middle 
thru/or the volatility of a low, and fits removal of an organic compound most"). 
However, supercritical CO 2 Generally it is said about washing an inorganic 
pollutant (namely, metal) from the semi-conductor wafer that it is invalid. 
[0005] another field -- being related - a group - a researcher - vegetation - 
supercritical CO 2 It exposed and the approach of removing a metal from 
vegetation was discovered by neutralizing a metal by the chelating agent. Refer 
to poisonous metal (Toxic Metals Extractedwith Supercritical Carbon Dioxide)" 
extracted with the paper" supercritical carbon dioxide of 27 C&EN (April 15, 1996 
issue) printing by Elizabeth K. Wilson (Elizabeth K. Wilson), and U.S. Pat. No. 
5,356,538. however, this research » " ~ supercritical CO 2 of a non-polarity It is 
powerless although the solvation of the just charged heavy metal ion is carried 
out in itself. However, the researcher could dissolve the metal, when the metal 
was beforehand carbonated by the chelating agent, and he has described it as 
"which found out that the solubility increases dramatically by carrying out the 



fluoride of the chelating agent further. The page 27 of the same magazine. 
However, there are some problems in this approach. First, it is difficult to remove 
the metal which has not been charged. The chelating agent which has not 
carried out fluoride to the 2nd is expensive. Extensive composition of chelating 
agent fluoride is attached to the 3rd at an expensive price. Even if it has not 
carried out fluoride to the 4th, either, a chelating agent is very poisonous, and in 
order to purify and discard, it requires the costs of a large sum. There is a 
limitation in the metal which dissolves easily by the chelating agent which carried 
out fluoride to the 5th. When the approach of this announcement is used for the 
6th, diffusion into the semi-conductor substrate of the lower layer of the metal 
which has not been chelated will become miserable. 

[0006] Therefore, one purpose of this invention is offering the approach of 
removing metal contamination from between a semi-conductor wafer and natural 
oxide layers. One another purpose of this invention is offering the approach of 
removing an inorganic pollutant from between a semi-conductor wafer and 
natural oxide layers. 
[0007] 

[Means for Solving the Problem] When it summarizes, one example of this 
invention is the light approach of these ionicity and neutrality of reaching and 
making it heavy inorganic chemical species (metal) become meltable, when the 



trouble which accompanies the light thing of ionicity and neutrality for which it 
reaches and heavy inorganic chemical species (metal) are reformed chemically 
is conquered and it is exposed to the nonpoisonous solvent of the high grade 
which is not expensive as for the former. The process whose approach of this 
invention is a degree: It is the natural oxidation object (and) with which the 
inorganic pollutant is contained in it. [ f] Or the natural oxidation object which 
encloses the natural oxidation object which exists between an inorganic pollutant 
and a substrate and/, or an inorganic pollutant is removed. An 
exposing-inorganic pollutant (this is incorporated inside natural oxidation object, 
or exists in the natural oxidation object bottom); inorganic pollutant is reformed 
chemically.; the inorganic pollutant by which reforming was carried out 
chemically It dissolves like exposing-to conventional solvent contained in 
supercritical fluid (preferably supercritical CO 2);, and before, and includes 
removing the inorganic pollutant by which reforming was carried out chemically 
into supercritical fluid (SCF). chemical reforming of an inorganic pollutant - 
exposure before to SCF or it is carried out between them, if a removing [ the 
pollutant in :natural oxidation object is exposed, and reforming of the important 
point of this invention is carried out after that, and ]; inorganic pollutant has no 
performing chemical reforming beforehand - supercritical CO 2 thing; which is 
not meltable in a fluid, and the inorganic pollutant by which reforming was 



carried out chemically are removed with a chemical reforming process, 
simultaneously a chemical solvent - it comes out. 

[0008] One example of this invention is the approach of removing an inorganic 
pollutant for a substrate from a wrap layer. The approach removes a wrap layer 
for isubstrate by at least one remover.; An inorganic pollutant is made to react 
with at least one conversion agent. An inorganic pollutant is changed.; Include 
the process of removing-by exposing changed inorganic pollutant to at least one 
solvent contained in 1st supercritical fluid **, and it sets here. It is characterized 
by said changed inorganic pollutant being more easily more nearly meltable than 
said inorganic pollutant in a solvent. Preferably, said conversion agent is chosen 
from from among groups including :acid, alkali, a chelating agent, a ligand agent, 
************, and the combination of those arbitration. Furthermore, a conversion 
agent contains HF in a detail, and it is supercritical CO 2. It is contained in inside. 
A solvent is preferably chosen from from among the groups containing ipolarity 
gas, nonpolar gas, polar supercritical fluid, nonpolar supercritical fluid, polar 
chemical species, nonpolar chemical species, a surface active agent, a 
detergent, ampholite, or a chelating agent, and said solvent is supercritical CO 2. 
It is contained in inside. An enveloping layer can contain a natural oxidation 
object. The process to which the process and the inorganic pollutant from which 
a wrap layer is removed for a substrate by the remover are made to react with a 



conversion agent can be performed to coincidence. Or all of the process which 
removes a wrap layer for a substrate by the remover, the process to which an 
inorganic pollutant is made to react with a conversion agent, and the process 
which removes the changed inorganic pollutant may be performed to 
coincidence. Or after performing the process which removes a wrap layer for a 
substrate by the remover, the process to which an inorganic pollutant is made to 
react with a conversion agent, and the process which removes the changed 
inorganic pollutant can also be performed to coincidence. Preferably, it is 
contained in the 2nd supercritical fluid for a remover including HF. This 2nd 
supercritical fluid is supercritical CO 2. Containing is desirable. 
[0009] One another example of this invention is the approach of removing an 
inorganic pollutant for a substrate from a wrap layer. The approach 
removes .substrate by at least one remover contained in the 1st supercritical 
fluid in a wrap layer.; by making an inorganic pollutant react with at least one 
conversion agent contained in the 2nd supercritical fluid An inorganic pollutant is 
changed.; Include the process of removing-inorganic pollutant changed by 
exposing changed inorganic pollutant to at least one solvent contained in 3rd 
supercritical fluid **, and it sets here. Said changed inorganic pollutant is 
characterized by being meltable to a solvent more easily than said inorganic 
pollutant. The process which removes a wrap layer for a substrate by the 



remover, and the process to which an inorganic pollutant is made to react with a 
conversion agent may be performed to coincidence. However, all of the process 
which removes a wrap layer for a substrate by the remover, the process to which 
an inorganic pollutant is made to react with a conversion agent, and the process 
which removes the changed inorganic pollutant may be performed to 
coincidence. Or after performing the process which removes a wrap layer for a 
substrate by the remover, the process to which an inorganic pollutant is made to 
react with a conversion agent, and the process which removes the changed 
inorganic pollutant can also be performed to coincidence. 
[0010] 

[Embodiment of the Invention] Drawing 1 shows the processing system which 
can be used in order to enforce the approach of this invention. The sample 
(semi-conductor wafer containing an inorganic pollutant) which should be 
washed is held in a container 16. Supercritical fluid (it is C02 preferably gas) is 
supplied from the gas reservoir 28. The gas reservoir 28 is tied by the conduit 30 
containing a bulb 32 to the pressurization unit 34, and rather than about 32 
degrees C, in an elevated temperature, the pressurization unit 34 raises gas 
pressure even to about 70 thru/or 75 atmospheric pressures, and generates 
supercritical fluid. Supercritical fluid (SCF) passes along a bulb 36 and a conduit 
30, and it is conveyed to a solid-state, a fluid, or the reservoir 1 1 that holds a gas 



remover (as long as bulbs 1 and 3 opened and the bulb 2 has closed). The 
remover which can be used is listed behind. By letting the inside of a remover 
pass, a modifier is incorporated in SCF in SCF. SCF which incorporated the 
remover comes out of a reservoir 11, and goes into a container 16. SCF mixture 
and an inorganic pollutant are introduced, the maximum upper layer containing 
an inorganic pollutant is removed, and an inorganic pollutant is exposed by it 
(and probably reforming of the inorganic pollutant is carried out to coincidence). 
[0011] removal (exposure of the inorganic pollutant by it) of the maximum upper 
layer containing the inorganic pollutant by the remover -- then - or it - 
simultaneously - moreover, the removal of an inorganic pollutant by which 
reforming was carried out - then - or it, simultaneously SCF pass along a bulb 
36 and a conduit 38, and are conveyed to a solid-state, a fluid, or the reservoir 
12 that holds a gas modifier. The modifier which can be used is listed behind. 
This closes bulbs 1 , 3, and 5, and is performed by opening bulbs 2, 4, and 6. A 
modifier is incorporated in SCF by letting SCF pass in the inside of a modifier. 
SCF which incorporated the modifier comes out of a reservoir 14, and goes into 
a chamber 16. By introducing SCF mixture and the exposed inorganic pollutant, 
reforming of the inorganic pollutant will be carried out and it will exist on the 
surface of a sample (preferably semi-conductor wafer). 

[0012] removal (therefore, exposure of an inorganic pollutant) of the maximum 



upper layer ~ then - or it - simultaneously - moreover, reforming of the 
inorganic pollutant on the semi-conductor sample by the modifier — then - or it, 
simultaneously SCF are conveyed to a reservoir 14 (a solid-state, a fluid, or a 
gas solvent is held) through a bulb 36 and a conduit 38. The solvent which can 
be used is listed behind. This closes bulbs 1, 3, 4, 6, and 9, and is performed by 
opening bulbs 2, 5, and 8. A solvent is incorporated in SCF by letting SCF pass 
in the inside of a solvent. SCF which incorporated the solvent comes out of a 
reservoir 14, and goes into a chamber 16. By introducing SCF mixture and the 
inorganic pollutant by which reforming was exposed and carried out, it will be 
exposed and the inorganic pollutant by which reforming was carried out will be 
removed from a sample (preferably semi-conductor wafer) front face. 
[0013] The inorganic contaminant and C02 by which reforming was carried out 
An inorganic contaminant deposits in a container 20 by letting the bulb 18 
removed and decompressed pass. Next, C02 Gas circulates to a reservoir 28 
through Rhine 26 with a pump 24. An inorganic pollutant is removable through 
Rhine 22. 

[0014] One example of this invention is the approach of removing an inorganic 
pollutant (probably metal) from between a lower layer semi-conductor layer and 
natural oxide layers, out of a natural oxidation object. Preferably, this approach 
includes the following process. It is removed by exposing a natural oxidation 



object (it being the thickness of about 30A) to the 1st first at a remover. An 
inorganic pollutant is changed by making this inorganic pollutant react to the 2nd 
with a conversion agent (in desirable more meltable form). A remover and a 
conversion agent can contain the same element. A solvent removes the 
inorganic pollutant changed into the 3rd. This remover, a modifier, and a solvent 
can contain the same element, and can apply it to a target being simultaneous or 
serially. 

[0015] A remover can contain fluoric acid. Furthermore, it can be introduced with 
any gestalt of steamy exposure and plasma exposure, or can also be introduced 
by exposing a semi-conductor wafer to the supercritical fluid (preferably C02) 
containing HF. A conversion agent can contain HF or it may contain ************ 
(preferably chlorine) of others of arbitration. Although a conversion agent can be 
introduced with any gestalt of steamy exposure to a wafer, and plasma exposure 
to a wafer, it can introduce also by exposing a wafer to the supercritical fluid 
(preferably C02) containing a conversion agent. Preferably, a conversion agent 
is an acid (preferably KCN, HF, HCI, HI, or Kl) and alkali (preferably). NH4 OH, 
KOH or NF3, a chelating agent (preferably) A JIBETA ketone, a halogen agent 
(preferably CI, F, Br, or I), or a polar agent (preferably CO, NH3, NO, COS, NH4 
OH, water, or H 202) is included. Preferably, a solvent is polar gas (preferably). 
CO, COS, NO, NH3 or NF3, nonpolar gas (preferably) N2, H2, 02 or F2, a 



polarity SCF (preferably) N02 f nonpolar [ SCF ] (preferably C02), polar 
chemical species (preferably) Water, ethanol, a methanol, an acetone or a glycol, 
nonpolar chemical species (preferably) A tetrahydrofuran or dimethylformamide, 
a surface active agent, a detergent, or ampholite (preferably) Sodium dodecyl 
sulfate, quaternary ammonium salt or a cation, an anion, a nonionic or dipolar 
ion surface active agent, or a chelating agent (preferably) It is desirable that 
these are contained in supercritical fluid (preferably C02) including the crown 
ether of beta diketone, fluoride, and non-fluoride. 

[0016] If drawing 2 a thru/or drawing 2 d are referred to, the approach of this 
invention can remove the inorganic pollutant 104 which exists between the 
interior of the natural oxidation object 102 or the natural oxidation object 102, 
and a lower layer 100 on the natural oxidation object 102. This approach 
removes the natural oxide layer 102 (see drawing 2 a and the drawing 2 b), and 
an inorganic pollutant can be changed (see drawing 2 b and drawing 2 c which 
showed signs that reforming of the inorganic pollutant 104 was carried out to the 
more nearly meltable inorganic pollutant 106), and it can remove the changed 
inorganic pollutant so that it may become more nearly meltable at a next removal 
process (see the drawing 2 d). A conversion agent can contain the drugs of the 
arbitration which can be made more nearly meltable at the removal process of 
consecutiveness to an inorganic pollutant (easily removable thing). Therefore, a 



conversion agent can contain a chelating agent. Furthermore, removal of a 
natural oxidation object and conversion of an inorganic pollutant can be carried 
out at one process. 

[0017] It cannot be included that a remover is contained in SCF, either. Even if a 
conversion agent is also contained in SCF, it does not need to be contained, 
either. Furthermore, all of a remover, a conversion agent, and a solvent may be 
introduced into coincidence. Or a solvent may be introduced after introducing a 
remover and a conversion agent together first. Or a remover may be introduced 
and a conversion agent and a solvent may be introduced together after that. 
[0018] For example, I will assume that the inorganic pollutant 104 contains 
sodium and this pollutant is contained in the internal whole surface of the natural 
oxidation object 102 (it was shown in drawing 2 a like). In order to remove the 
natural oxidation object 102, HF is introduced into a device 108. HF may be 
included in SCF, or may not be so, or whichever is sufficient as it. The result of 
this process is shown in drawing 2 b. Next, a device 108 is exposed to HF (this 
may be performed to a front process and coincidence). Sodium contamination is 
changed / changed as a result of this process. A result is NaF (shown by 
drawing 2 c as a pollutant 106). Next, a device 108 is exposed to a solvent 
(supercritical C02 water incorporated in inside), and the more nearly meltable 
contamination 106 is removed. The result is shown in drawing 2 d and both the 



natural oxidation object and the pollutant are removed by this. 
[0019] Although here explained only the specific example of this invention, this 
does not limit the scope of this invention. Many examples of this invention will 
become clear to this contractor in the light of the methodology of this 
specification. The scope of this invention is limited by only the claim. 
[0020] The following terms are further indicated about the above explanation. 
It is the approach of removing an inorganic pollutant for a substrate from a wrap 
layer. The wrap aforementioned layer by at least one remover for said substrate 
(1) With, the process to remove, The process which changes said inorganic 
pollutant by making said inorganic pollutant react with at least one conversion 
agent, It sets here including the process which removes it by exposing said 
changed inorganic pollutant to at least one solvent contained in the 1st 
supercritical fluid. The approach that said changed inorganic pollutant is 
characterized by what the solubility higher than said inorganic pollutant in said 
solvent is shown for. 

[0021] (2) The approach which is an approach given in the 1st term and is 
characterized by being chosen out of from among the groups in whom said 
conversion agent includes :acid, alkali, a chelating agent, a ligand agent, 
************, and the combination of those arbitration. 

[0022] (3) The approach which is an approach given in the 1st term and is 



characterized by said conversion agent containing HF. 

[0023] (4) It is an approach given in the 1st term, and said conversion agent is 
supercritical CO 2. Approach characterized by being contained in inside. 
[0024] (5) The approach which is an approach given in the 1st term and is 
characterized by choosing said solvent from from among the groups 
containing :polarity gas, nonpolar gas, polar supercritical fluid, nonpolar 
supercritical fluid, polar chemical species, nonpolar chemical species, a surface 
active agent, a detergent, ampholite, or a chelating agent. 
[0025] (6) It is an approach given in the 1st term, and said solvent is supercritical 
CO 2. Approach characterized by being contained in inside. 
[0026] (7) The approach which is an approach given in the 1st term and is 
characterized by said enveloping layer containing the natural oxidation object. 
[0027] (8) The approach characterized by said process which is an approach 
given in the 1st term, and is a remover about the wrap aforementioned layer in 
said substrate, with is removed, and said process to which said inorganic 
pollutant is made to react with a conversion agent being carried out by 
coincidence. 

[0028] (9) The approach characterized by all of said process which is an 
approach given in the 1st term, and is a remover about the wrap aforementioned 
layer in said substrate, with is removed, said process to which said inorganic 



pollutant is made to react with a conversion agent, and said process which 
removes said changed inorganic pollutant being carried out by coincidence. 
[0029] (10) The approach characterized by said process to which said inorganic 
pollutant is made to react with a conversion agent, and said process which 
removes said changed inorganic pollutant being carried out by coincidence after 
carrying out said process which is an approach given in the 1st term, and is a 
remover about the wrap aforementioned layer in said substrate, with is removed. 
[0030] (11) The approach which is an approach given in the 1st term and is 
characterized by said remover containing HF. 

[0031] (12) The approach which is an approach given in the 11th term and is 

characterized by containing said remover in the 2nd supercritical fluid. 

[0032] (13) It is an approach given in the 12th term, and said 2nd supercritical 

fluid is supercritical CO 2. Approach characterized by containing. 

[0033] (14) The approach which is an approach given in the 1st term and is 

characterized by said remover containing HF. 

[0034] It is the approach of removing an inorganic pollutant for a substrate from a 
wrap layer. Said substrate (15) The wrap aforementioned layer By at least one 
remover contained in the 1st supercritical fluid, with, the process to remove, Said 
inorganic pollutant is made to react with at least one conversion agent contained 
in the 2nd supercritical fluid. The process which changes said inorganic pollutant, 



and said changed inorganic pollutant are set here including the process 
removed by exposing to at least one solvent contained in the 3rd supercritical 
fluid. The approach that said changed inorganic pollutant is characterized by 
what the solubility higher than said inorganic pollutant in said solvent is shown 
for. 

[0035] (16) The approach characterized by said process which is an approach 
given in the 15th term, and is a remover about the wrap aforementioned layer in 
said substrate, with is removed, and said process to which said inorganic 
pollutant is made to react with a conversion agent being carried out by 
coincidence. 

[0036] (17) The approach characterized by all of said process which is an 
approach given in the 15th term, and is a remover about the wrap 
aforementioned layer in said substrate, with is removed, said process to which 
said inorganic pollutant is made to react with a conversion agent, and said 
process which removes said changed inorganic pollutant being carried out by 
coincidence. 

[0037] (18) The approach characterized by said process to which said inorganic 
pollutant is made to react with a conversion agent, and said process which 
removes said changed inorganic pollutant being carried out by coincidence after 
carrying out said process which is an approach given in the 15th term, and is a 



remover about the wrap aforementioned layer in said substrate, with is removed. 
[0038] (19) One example of this invention is the approach of removing an 
inorganic pollutant (pollutant 104 of drawing 2 a thru/or drawing 2 b) for a 
substrate (substrate 100) from a wrap layer (layer 102). The process from which 
the approach is at least one remover about the wrap aforementioned layer, with 
removes the :aforementioned substrate; Said inorganic pollutant is made to 
react with at least one conversion agent. The process which changes an 
inorganic pollutant by it; It sets here including the process which removes it by 
exposing said changed inorganic pollutant to at least one solvent contained in 
the 1st supercritical fluid. Said changed inorganic pollutant shows the solubility 
higher than said inorganic pollutant in said solvent. 

[A related patent and cross reference to patent application] It quotes for 
reference of the following patent and the patent application which were 
transferred similarly here. 

A patent number/serial number Filing date of application The Tl case number 
60/0221811 July 25, 1996TI-21081 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The mimetic diagram of a sample cleaning system according to one 
example of this invention. 

[Drawing 2] a thru/or d are the sectional view showing one example of this 
invention. 

[Description of Notations] 
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12 Reservoir 
14 Reservoir 
16 Container 
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20 Container 
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36 Bulb 
38 Conduit 



1 00 Lower Layer 

102 Natural Oxidation Object 

104 Inorganic Pollutant 

106 Changed Inorganic Pollutant 

108 Device 
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cD-^x-y htt{b¥JKa«ff«feti>OHfll : ^x-v hftjjfe 



TVS. COftft, ftMMt£xatCttEi^Ttt?Mt£xa 

[0004] segw^i* mmno-Mm 
7x-ry*j:tf'j* v/aawfcieiM© k 5 >r * u y 

^fc^trtfWfcfc^Tftfc^Tifc*. JEfc, ilgfSgWC 

C t^T#5o International Jour 
nal of Environmentally Co 
nscious Design and Manufa 

during mmic$zmi.rmmis&i?w&mm 

sg) ©H2#. 8 31 (1 99 3« *0MZtltc 
[0 0 0 5] gijO»»fcB8bT, -ISOW^«*<ffi1»* 

jpp-r 5 c t ic «fc o t»*^ &&s*Rfcfc"r zj; m 

Lfco xUlf^XK. V^foVZ/ (Elizabeth 
K. Wi 1 son) ICj:«C&EN27t (199 

6^4^150^) mwwmx." mam=m<tmmicx. 

^TjfitHStl/cW^&JS (Toxic Metals 
Extract, edwith Supercritic 
al Carbon Dioxide)", :fc<i:tf*H 
mfm5, 3 5 6. 5 3 8§5:« LfrU C©P?S 

*U-hlRI©^«*fi8{41«flBK:o<. tg4fc, 

U- hftUTv^v^M©^©^*^**^©^ 
«!51#^:*>©i:=S:5'5o 
[0 0 0 6] *%B^£0 1 OOIWB, 

x/Nfcg«j|Wb»«i:©lffl^6&iS«!ft*l!iHg-r*7j}S 



(3) 
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[0 0 0 7] 

o©^fi6#!H4. ^*yl4434;tJ t ' : t : ' , l4©> KvvteJctffii^ 
S|i8fflj£*5£IIBU flH5©K«TftV\ SttfiOjfcSft 

*KM«»»S«ll^*tiT^*S«!»t«l (43«fct>V 

mum. »*t;/**ir'>tt«H«wsMwi««it)iBA.-e 

0 2 ) *fc-&*n*tK*©aBWtc«6rci: : ZLX'iX. 

zmmnmfc (scf) ^^z-rzct. *#a,t*i,> 

2>o »«f55ft«JHO<b*Wa:i»Ktt, SCF^ggm© 

43 «fc tff t^W»c*K* nfc««t»ilMfc«ttf b*«*i»« 
CO 0 0 8] *WM<D 1 oofliSflfll^ SC^HdJI^ 

t ; MW9SMH«^d: < £*> 1 oOgSHWfcRSSS-e 

wk*\ sg i ©sea^«t<*4'^*ns'>^< i: 1 1 o 

a*^n p> ©ft® offl#£-ta-it*-atr y© -5 *>fr 5 
sfc««#*co 2 ffc^sns,, #sL<tt* 

»"J, ffittKBR, &£>Wi*U-hSy^ty^;V-7''©5 
*.*>5)iltfnfc 1 t J ©T'$> f ?. Suieig^J«SBI^C0 2 * 

@, 43cko : ^^nrc^^5fe^H%i^*-ri.xgti, 



i»*aij«HF*«-*, 2 ©fflBBiwswcs- 
co o o 9] ^m<om<D i o©nfigp(4, siE^a? 

14 : Sfi*IB3JB*» % 1 ©iSBSWiftft't'fc^gcn?.^ 

&< fct, i ~z><DV&m\\ic a oti^s-t ct immmwt 

mwt. 3!2©jgl&^f*4Hcit2m3'>fc< kfc 10 

^ctHc^n^^ tt> i o©j§?pjt^e,-rci:{c 

io« nfe«t»^»ttK«rl«*-r SCfc, ©IS 

Mt*-r « IS fc WH*£«SU t EJS« * 3 IS 

^iJtc<fc^Tl^*-r§X@, ftMMfSMbH^KWn&SfS 

9 »^^*g'JT'l^*T 3 Xg*HfT 
«»Si*H«rSESSffJ k SJS^ § XS fc ^ £ nftfttfPf 

So 

CO 0 1 0] 

CfSiE©nsfi©fl2ffi] 0 1 ^i^ ^fSB^o^&^nsa-rs 
rz tb f c ffl v ^ c t © v # s «a s x r- a ^ m l x ^ § „ 

C0 2 ^'X) tftfX'J-tf— /S— 2 8*>&«iesti*o 
XUlf'-/^— 2 ^;l/73 2^r#ty^e3 otcio 
TiPjEn- <y h 3 4^\0^;^nT43*3, ftPffi^.— V h 3 
4 {4^)3 2°c<fct)fciaSf;:43^T, fXE^7 o^v> 
L7 5MEfc$T'K46T, SHI^j?ft^XfigT3o SEg 
WjJfti* (S C F) 643cfcl>*29©3 O^M-D 

tf-/V-l l'MftaS^tiS (/^^l 43«fcUF3 3b^#> 

'JXh7 7^t5„ s c F^^jwif^a-rcktCct 
■jt, s c F^c&HSijaw&snSo i»56Sij*«it) 

iiA,fcS C F14U-9-"— /<— 1 1 5:tt5T, 3^16^ 
AS. S C Ffi^»i:IR«?5!ft1*Ki:* < WA*nT, «K 

mmammm^ri^ &Lx$ftmmic, mwmms 
coo i i] v&i;mic£zmmmWiVDmtf3tsm±m<D 



(4) 
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fctti^T, feSi/Hi^ntramc, s C FtiM;l/^3 6 

©s**j*iRS-r*y 1 2'\$t&2ns„ ^« 
3. *«tt/5*ffli;, W7z* 4, fcitfe 

K&J*:tt9i&A,7£S C FliU-f-/^- i 4 *ttlT, f-x 

1 6^ASo s c Fjg-&i«ai:ssm«nfcfi8«{^ 
*n*MK» L<ii^i*->x/N) commie 
co o 1 2] m±m<D%H£ (tit^rmmmntfoKoB 

izztitmmc s c Fit'W?3 6fe<fct;if3 8?: 
iffi- 3 TUif-/ i «-i 4 jjtt(*. a&si^ttjsrxtf© 

hTvZf-f% 0 C<DCtlt, 3, 4, 

6, 4BJ:tf9*rMi;, >W7Z, 5, *J:tf8*Bfl<c 
fclCfcoT^taft*. »#Jit>*S C F*ii-f ctfcio 

ts c F4>te»aij*ta{t)3i*nao »JW*«9iiA,«s 

C Fti'Jif— 1 4*tbT, 6^A5o 

COO 1 3] i»««nfc^«ffi*»M43«fct?C0 2 *^ 
0 2 15 2 4 CJ;ot7^y2 6*510 'J+r 1 — 

m-2 s^ttesistiSo mmm^nii.^^>2 2* 

COO 1 4] &$m<D 1 -3©5fc«B0!Ki, gS&l&lfcif&KDf 

#£L<14, *^riS(i^ox@*^A,T*v^o 1 

gsssHk^ c*n«3 0 Asjao*^) s^aifc 

$6>-r<li:tcJ;oT^n*^-ri) 0 ^2t, c©«sis 

St* (#$L<t4, .fcORl&fcifrfc"^) fitS„ Rfc 
£»J:J3J:*fi8E»»JttHtfrcJR«rtFC t#T*£So SH3 

So 

COO 1 5] B&*SJf47ytt*$trilfca«-C£«o £ 



t*ATfS, fcSvn4¥S£ft*x^*HF*#tyie6gW 
8Ktt (»SL<liC0 2 ) ^c$e,-rci:tcJ;oTi9A-r 
5ili:4.T^5o S$#Jt4H F ttfT-t, $>S 

<l±C0 2 ) tc^e>-TC i:(cJ:o Tt>»XT't So »s 
L<t4, $&ffl|f*lg ($?$L<t4, KCN, HF, HC 
1 , H K 25SI/H4K 1) , 7 toil V ($?3:L<14, N 
H 4 OH, KOH, £SIH4NF 3 ) , *U-hSiJ (£? 

liC 1, F, Br, &SW4I) , £Sl/H41&148iJ (&? 
£L<t4, CO, NH 3 , NO, COS, NH 4 OH, 
7k, &SWiH 2 0 2 ) *$tyfc©T**o »*U< 
»i, »aHi, ffitttf* (#£1X14, CO, COS, N 
0, NH 3 , £SIW4NF 3 ) , #ffitt#* (JSF*L< 
14, N 2 , H 2 , 0 2 , feSVH4F 2 ) , 8114 S C F 
(#£L<tt, N0 2 K IIMfittS CF (»*b<ti, 
C0 2 ) , fiBttlt^ffl (W£L<t4, 7K, x*y-;k 
^^y-;K 7-trhv, fcSv^iyjn— ;W , IMS14 

/^l/*;l/A7 5K) , S®S14S"J> »c^J, feSV>(4M 
ttfelM C»* L < it. Kf^/WWI^ h U •> A, g§H7 

tt, $.SVSi^14cD^^-v*®}S14^J) , ^Si/^ti+U 

®B§Wi5St^ L<(iC0 2 ) Wc-gf-nZCttftft 
$ LV^o 

[00 16] 02a^L02 d*#M-TSi:, *fgB^ 
©7a?4«, S«5BWtft 1 0 2 01, g^ggfb^ 102O 
rtfiP, *S^W:i«5BMt«l 1 0 2 tTM 1 0 0 tOPJfC 

g^fbftli 1 0 2«*L (0 2 a*5«fcO-* 

mmftWtynn&mwiL mwmmnn io4WDWis 

SftaMU 0 6'\4:i!JlK<£ns« : ?*^LfcBI2 
bfcJ:Ol2c^#l) , *UTS»Snfc*«ifJ(SW 
M*^*-TS (0 2d*#B© Cii^T'^So SESIffJ 

Co o i 7] i»*jsiij»±s c Ffted*n*ctt>-&*n 



(5) 

& z^im-zmttmx lt, zv&x&mi t mm t * 
Co o i 8] mz.i£, mmmam i o 4 aw- h u *4 

*^A/M3 9» f LtCiDMI^SWtill 0 2 
(0 2 alc^nfcJ^fc) ©rtffl— ffite^StiTVS 
£{K£L£3 0 S^BSfk^l 0 2 *B*£T*fcaiC, t* 
/WX10 84"\HFWA2n5o H F tt S C F ifcfc: 

0D*Smt*ia 2 bi:^?nt^li„ #tc, r/WX 1 0 8 
ttH F{C£P>£n5 (CCDCfc(iMljCDIgi:|Bl^C^T 
LTti«fcvO o COIgOlBS, 

/^H£n£> 0 *5£ttN a FT'$>3 (0 2 c 1»t4i5!ft» 
U 1 0 6 f: LTSsSftT^S) o ^fC, f^YX 1 0 8 

imm ghbbi*co 2 tmcj&o&sn^jo iczzzn 

[0 0 19] CCT*tt2|s:^©#^©SIS6fl«Jb^8ttWb 
[0 0 2 0] W±cDUJ0^{cB8LTMlc^TcD]l^P^-r 

So 

(l) g«*H3H#&»*if*»K*l**"r3#ffi-e 

sis* iwaan*nfci«i»!ftw«*» a 

[0 0 2 1 ] (2) jgl «ffi<D#i£T*&oT. flJIBSE 

[0 0 2 2] ( 3 ) Ml 1 9II2^©73i4T'*o T, ffifag 
»SU*<H F £r^A/ei^3 C £*&&£? 2>?5&o 
[0 0 2 3] < 4 ) SSI IR!eil$©7jr£T*&o T, *ME£ 

[0024] (5) miiK8am©7?aT'^oT, flutes 

rnm^-m^ m&it&m, #m&f&m* mmtrnm. 
mm. missis. tbzwts-is-vmifSWiv-fo) 
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[0 0 2 5] ( 6 ) Ml 1 Jg!e«<D73i£T-&-p T> tuffi® 

[0 0 2 6] (7) Ml 1 lll5igO^&TSoT, fiulES 
[0 0 2 7] (8) Ml 1 3Sie®c(D^ffiT*feoTs 

aa««ff 5ft%K*«»»j t sis* * * mzxm tt>m^ 

[0 0 2 8] (9) Ml l miEM<Dft&V3o-?T. M&M 

5 -mEm^m^mx-ax^t 5 Huiaxe, stta 

[0 0 2 9] ( 1 0) Ml 1 m?ML<D-fimX°$>-3T, huK 

[0030] (li)Mii mmmoxmx&^x. mm 

V£&mti i HF*:'gh,X>^%££%:ftWLt?%J5&a 
[0031] (12)Mlll SiffittOtfffiTffcoT* m 

[0 0 3 2] (1 3) Hi 2m%zm<Djs&x*&r>x, ntS 

[0033] (14)MI1 mZffittoJS&X'&iX. MfB 
[0 0 3 4] (1 5) £&«H9Mfr&£flffifSMMC£ 

istssa-cfeoT, «HES«*w3ffiE**\ Mil 

©ifflBfl»tf*4'K:$*ft*^fc< i:t> l o<DI$*SyeW 
T&fc5ST&X@. *N^«i>!5fe ! ftR«\ Ml 2 <0SKSWj3it 

?5»i«»H*, MI3<DffiRgW^<** {c a*n?»'>=5:< tti 
lo<D^Jfc^?>-rc:i:fc < toT^S-r5XS> ^r^r 

[0 0 3 5] (1 6) Ml 1 5^IB«SO^rST*feoT, flfl 
fc> WIE«l«^!ftWH*S»a"J4:S*S*H3:«Hi8axSfc 
[0 0 3 6] ( 1 7) Ml 1 5^ie^ScD73^T"feoT, HU 

gEafi*M5WiBH*i»*»j-ewTi»*-rsB(i8sxs, 

[0 0 3 7] (1 8) Mil 5 3SIHfSc©75"j4T-^oT, M 
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mm Ltcm-v. mmmmv»®.*m&m t as <* 
mmxm t mmmmz nrzmm%ma®.*®&-* & mm 

co o 3 8] (i9) *jbso i -ovnmmit, s* 

(Sfi l 0 0) %H3« (IB 1 0 2) A«&ftMW<§SMlK 
(0 2 a b02b <Dm$kVom 10 4) Srl^ST 

6 0/0 2 2 1 8 1 1 1 9 9 

[0ffi<Of8jl|i>5:t«Ei8] 

[0 1 ] *mn<D i oo^fig^jtc^ofc, im* u -- 

[0 2] aftl^Ldti^RWOloo^flSWI^fBfffi 

0o 

i i »;-*f-A- 

1 2 'J-tf-M- 

1 4 >J+f-^— 

1 6 3>-r-?" 

1 8 ffiE.'W7 

2 0 
2 2 



mourn.** m 1 ©fflttirawiwtc^sns^a^ tt> 



T I ^— 
T I -2 1 0 8 1 



6¥7fl2 5 B 
2 4 if-yf 
2 6 

2 8 tfXU+F— 

3 2 'VU:/ 

3 4 iPJE •> h 
3 6 /W7 
3 8 

10 0 Tiffl 

1 0 2 gftSSEfctt 

i o 4 mwmvmn 

1 0 6 SESiStifcatM^SfeHBIl 
1 0 8 T'WX 



[0 2] 



108. 




108^ 



\ZmZJ 

d 
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